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MEASUREME~JTOF FLYING QUALITIES OF A DOUGIM A-26B AIRPLANE

(Al@ NO. 41-39120)

111 - STJWLING CXARACW3RISTICS

By S. A. Sjoberg, H. L. Crane, and H. H. IIoover

INTRODUCTION

At the requeet of the Army Air Forces, Air Technical Service
Comuand, flight tests have been made to determine the flying qualities
of a Douglas A-26B airplane. The reault~ of the tests made to deter-
mine the longitudinal-stabilityand control characteristicshave been
reported in reference 1 and tho results of the lateral and directional-
atability and conlmol tests have been reported in reference 2. ThiS
portion of the report presents the results of tests made to deter-
m~ne the stallin~ characlwristics,the variation of maximum normal-
force coefficientwith flap position, and a calibration of’the service
airspeed installation.

D3KWRIPTION

Figure 1 shows a three-view drming of he airplane and secti,ons
of the wixg and tail surraces. A description of the airplane and
several photograph of the airplane are given in reference 1. Figure 2
presents photographs ofthe wing surlace condition and the oil-cooler
air intake. Figure 3 is a side-view photogiiaphof the airplane showing ‘
the location of the service airspeed head.

)> with double-~lc~ttedflaps. Fi~ure 4 shows
various deflectj.ons.

The airplane was equipped
a section of the flap at

——.. . . .... . .. .... . -—-
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The instrumentation used in the investigation of stalling
characixmistic~was the same as that used in-the longitudinal:
stability tests described in reference 1. In the tests made to
determine the variation of maximum normal-force coefficient with flap
position, an electrical control-positionrecorder was mpunted on the
outboard tip of tlm left flap. The airspeed was measured with a
shielded total head and a swiveling static head which was mounted
1 chord length ahead of and sli:htly below the right-wing tip. The
static pressure was corrected for position error for all flap
settings both power on and engines idling by means of a trailing
static bomb. For one flight tufts were fastened to the upper surface
of the wing. The tuftQ were photographed from an airplane flown in
formation with the A-26B airplane au it was stalled.

Correct service indicated airspeed as used in this report is

defined by the formula Vj.= 45.08 fo~ where Vi is in miles
per hour, f. is the com~ressibilityfactor at sea level, and qc
is the difference between total pressure and static pressure in
inches of’water corrected for position error.

STALLING CHARACTERISTICS

Straight FlfSht

The straight-flight stalling characteristicswere investigated
in “bk rated power-clean, cruising, gliding, approach, ltinding,wave-
off, and take-off’ccmditions. The stalls were maiieby gradually
reducing the airspeed while attemp~ing to hold straight flight.
Figures 5 through 8 are time histories of stalls in the rated power-
clean, gliding, ianding, and wave-off conditions. Figures ‘3,10,
and 11 are t,u~tstudies showing the stall progression over the wing
in the @iding and landing conditions,and in the flaps-up condition
with onc prc~pell~rfeathered and the other engine delivering rated
power. The reason for inoluding a tuft study with one propeller
feathered was to make possible a comparisonwith wind-tunnel.studies
of stalling over the li~:of the wing duct which were made with pro-
pellers removed. Tuft studies were not made with power on, because
the A-263 airplane climbed away from the observing airplane in the
stall approaches.
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The straight-fllght stalllng ch.aracterl.sties,which satisfied
the requirements of reference 3, may be summarized as follows:

1. In all conditions there was adequate stall warnin~ in the
form of buffetin~ and except in the wave-off condi~ion a marked
increase in pull foi”ceand rearward movement of’the control column.

2. The tvft @u,dies (fiGs. 9, 10 and 11.)show that root qtall
occurred. ‘I’heroc~tstall decreased the downwash at the tail and
thus accounted for the increase in pull forces and up-eleva’tOr
deflections rcqiired at the stall. A premature breakdown of flow
over the right-wing duct lips was noted in the gliding condition,
but this flow breakdown did not occur with the flaps down and
probably would not occuy with po;reiaon.

3. Wi-then@nc3 idling, flaps up or down a pitching oscillation
occurred at the gtal.1. Fi~ure 9 show the stall pattern for tine
flaps-up, engines iiil.in~condition ‘tobe symmetrical. Because of
the symmetrical stall pattern no abrupt rolling motions occurred.
Recovory frc,mthe pitch:-nGoscillation c~uld be prornpilycfi’cctcdby
application of down ele-~ator.

4. With nowcr on the airplane rullod, usually to tho left, at
thr stall. ‘1’h~rolling motion could be controlled end recovery
COLlld be made _!!ydeflecting “the ,:lcvdtar downward.

The stalling characteristicsin turning flight were invos-
tiflatcdin the rated puver-clean conciition.In these tests the
ail’planewas trinuuedat the mmi-mwa syced for l~vel fliGht and con-
stant acceleration turns were made as the airspeed was gradually
reduced to the stall w(arninb. FiGuro 12 i6 a time history of a
t~ical left turn in ~:hichthis -procddurewas followed.

Good stall warning was a~ain ~mesent in the f’ormof
and recovery could bc made by moving the elevator down.

‘buffotinS,
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VARIATION OF MAXIMUM NOW-FORCE COEFFICIENT

WITH FM!? 20SITION

Stalls were made in straight f’li@t loth with engines idling
and with rated power with various flap settings to determine
the vavtation of’maximum normal-force coefficient with flap position.
The pilot set the i’1.apsat O, 1/2, 3/4, 7!8, and full deflection
using the cockpit indicator. An electrical control-yositio~i
recorder attached to the outboard tip of the left flap measured
the actual flap angles. The ail’phn~ no~-mal-forcecoefficientswere
oltained from the f’ormula

where “W is the airplane wei@t in Tou.nds, n is the normal
acceleration ~n “8” mits, S is t?lewin~ area in square feet,
and qc is bb.edifference between the measured total and static
pressures in inches of water corre@ed for yosition error. Account
has keen takeu d the clmwe jn wejght of the airplane during flight.

rl]le ~xiuv(m rloma]...~ocece coefficient:; w~we taken be:ore an]

abrupt pitching or’roll.lngmotions occurred. With the powe~ C3’,
the airplane performed a mild pitching oscillation which in some
cases tended tc increase in amplitude as the stall Trugressed.
The maximum normal-force ceei’ficientwas taken early in the
oscillation. Occasionally gi”eaLerno-rmal-i~xrcecoefficientswere
obtained as tineoscillation increased jn amplit!lde$a~parentl,y
because of the rapid changes in angle of atttickdurin,jthe
oscillation. These values were not maintained long enough to be
considered as usable maximum nmmal-fxce coeff’lcients.

Table I presents the weiahts, center-of-aravityposi”iions,and
flay and le,nding-~earpositions corres?ondin~to the maximum normal-.
force coefficients obtained. Figure 13 shows the variation of maxi-
mum normal-io-fcecoeff’icientjwj.thflap angle wibh the engines idling
and also with rated power.
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With engines idling the average values of maximum normal-
.- forcelcoeff’icientobtained from several stalls were 1.32 with the

flaps retracted and 1.94 with the flaps fully extended.

In making &y comparison of the maximum n:mmal-force coeffi-
cients obtained in flight with maximum lift coefficients obtained
in wind tunnels it is necessary to use wind-tunnel values in which
the model was trimmed and to make,a correction for the dificrence
between lift coe~ficient and normal-force coefficient.

CALIBRATION OF SIZRT.~CHZ

On one flight tb.epilot used
connected to the service.air~-pccil
airspeeds recorded on l-hepiloti~

AIRSPEED INSTALLATION

a sensitive airspeed meter
instal!.atiun. ‘By comparing the
notes with those obtained from

the HACA recol’dei-, whicli was colmectmd to the swiveling static head
and the shielded tokal head, a calibration of tho service airspeed
installation was o’blm,ined. J?+.gure14 i.sa plot 01 the error in the
service airspeed instal].ationaguinut service indicatcflai-capeod.
In the preyzzrationof this figure acco’unthas been taken of ihe scale
errol’of bhe par-bic~~lavmeter used. Corrections were applied to the
airspeeds ~rom the ?JACArecorder for position error and for The effect
oi’compressibilitya+,sea level. Data we~e used only from Tuns in
which the Sideslj.paugle was less than 1°. The airspeed indicated
by the service airspeed ~nstallationwas appi-oximatel;10 miles pa
hour low at 300 miles per hour and the eri-orincreaecd with upeed.

Figure 15 illustrates the lar+ error in indicated airspeed
due to aideslip at low cpeeda. At 140 miles per hour in the landing
condition the service airspeed indicator read approximately 25 miles
per hcur high when the angle of’sideslip was 12°. This error would
probably be considerably reduced if the pitot-static head were mounted
ahead of the wing tip ilLsteadyOf on the vertical tail. The pilot
considered tho sensitivity Of the airspeed system to yaw objectionable
especially during landings.

CONCUJS1ONS

1. The A-26B airplane had coot!stall,ingcharacteristics in all
conditions tested in both straight and tln-ningflight. Good stall
warning was always present in the form of buffeting and, except in
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the wave-off’condition, a marked increase in pull force and rearward
movement of the ccntrol column. Recovery from the stall could always
be made by normal use of the controls.

2. The average maximum normal-force coefficients obtained with
engines idling were 1.32 with flaps up and 1.94 with flaps I’ulldown.
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TABLE I
-—— —

cNmx

.—
1.76

1.77

1.74
2,52
2.55
2.19
2.2.4

2.7!5
2.”i’3
2.96
2.84
2.94
3,1)4
—.

Wejght

.—. —
29,800

29,600

29,400
29,45u
29,500
27,50(!
29,250
29,150
29,050
27,.?!j~
29,100
28,60’3
28,95’3
— —-

1-l.5R---

1..51

1..36

1.35
1.35
1.52
1.63
1.72
1.86
1.99
1.94

E
.

—. —..
28,100

29,500

29,300

29,800
29,450
~9,35’j
29,20d
29,100
29,000
28,400
29,s00
20,950

RATED POWER

=1-
;enter-of’- Gear
gravity
position
(percent)
—.—.

2s up

32 up

52 up
30 Down

I-d~-
%5 l-do-
50 ~-da-

.50 !-do-
~-d,3-.)

2g.5 l-do-
2-; \..d~-
70 -do-
30 1-do-

..——-——. ‘—

cowl “
flaps

]

Closed

Closed

Open I
Closed
open
--.do--
--do--
--do--
--do--
--do--
--do--
--do--
--do--
—.

Oil-
cool-sr
door

——
)ne-half
open

)ne-half
ormn
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.

‘p p ‘Closed One-halI’
clqen

up up CL@sed

UP Up Onc-
halt’
open

up up C~,~Sed
up TJp --da--
)~,wn170 --~(j--
.ao- 24.5° --da--
-do- 540 --do--
-do- 43.50 --do--

~=

)ne :Im-lf
OPCn

)ne-half
open

lDo.
Do.
Do.
Do.
Do.
Do.
Do.
S.DO.

Do.

‘Indicate flight in which wing was covered with tufts.
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SectIon of hoplzontalt~ll76;!ilncha~fromairplanecenterline
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Cmgle

wlns mctlm 352 inches from airplane Canterlino

edge

s“

(b) Sect Ions through vertical tail, hOri~Ontal tail, ~“d
wing at aileron. Douglas A-26B airplane.

?lgUre 1.- Concluded.
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(a) Leading edge atofi-cooler duet.
v
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Figure 2.- Photographs showing surface condition of Douglas A-26B wing.
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(b) Top surface inboard of nac~lle.

Figure 2.- Continued.

j#
●

E
ii



/!!
8

●



Figure 3.- Side view of Douglas A-26B airpbne showing service airspeed head.
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Figure 5.- Time history of a stall In the rated-power clean condltlon [Clap. UP,
le.ndi”g gear up, cowl flap. closed, .11 cooler one-halt open, 41.5 1.. Hg. at

2400 ,P,n, e.g. at 23 percent M A C ), Douglm A-26P airplane.

1 ■ II II lm——..,, ,,,..,,.,., ,, ,,, ., ———., . . . .
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FIE. re 6.- Time history of a st.sll in the glldlng cond. tlon (rl.ms up, landing gear
up, cowl flap. cloeed, .11 cooler one-half open, engine, Idll”g, e.g. at 23 per-
cent M A C ), Do. glm A-?.SP .!+irpleme
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Figure 7,- Time history or & stall 1. the lmdlng c.andll., on (flaps down, landing
Ee.sr down, cowl fl.aPS OPen, .,1 cooler one-he.lr oPen, ,“E1 ”,. loll, n~, c c at
23 ..rcent M A C 1 Douglas A-26B 81rP1ane.



MR No. L5A04a

Figure 8.- Time hietory of a mtall 1. the wave-off condition 141 5 1.. HE. at 2400
rpm, fl~ps down, landlng gear down, cowl rlapn OP.?”, 011 cooler one-half open,
c. g. at ?3 percent M A C ], Douglas A-26B e.lrplme.
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Figure 9.- Diagrams of stall progression in the gliding condltlon
engines idling, flap6 and landing gear up, cowl flaps closed,
oil cooler one-half opon), Douglas A-26B ●irplane.



MR NO. L5A04a

Lef Y king between nacdle and f usefage ctnd
right wing inboard flqp #of visible throughout run.

NATIONALAOVEORY
COMMlllEE FORAERONAUTICS

Figure 10.- Diagrams of stall progression In the landinlrcondition
(engines idling, flaps and landing gear down, OOW1
oil cooler one-half open), Douglas A-26B airplane.

ri8p6closed,
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Left wing between fuselqge

through out run
and nacelle ~of visible
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m Stu//ed

Figure 11. - Diagrams of stall progression with left propeller
feathered, right engine delivering normal rated poser, flaps
and landing gear up, 011 cooler one-half open), l)ouglaa
A-26B airplane.
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Figure 12. - Time h: stcry of a wind-up turn to the stall in the rated
power, clean conditian (41.5 in. Hg. at 24oO rpm, flaps up, landing
gear up, cowl flaps closed, oil cooler one-half open) , c .g. at
23 percent v.A.C., Dougla9 A-26B airplane.
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Figure 13.- Variation of maximum airplane normal force coefficient
with flap position. ~uglas A-26B ●trgl-e.
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